V. 3. 3-ADJUST-Q ADJUST SI MULATED DI SCHARGE CPERATI ON

Identifier: ADJUST-Q

Application: All prograns

Description: This Operation adjusts sinulated instantaneous
di scharge at a flow point to agree as close as possible with observed
di schar ge dat a.

In the Calibration System prograns, the sinulated hydrograph at an
upstream fl ow poi nt should be adjusted by observed data before
routing dowmnstreamto calibrate downstream |l ocal areas. The idea
approach would be to route the actual observed instantaneous

di scharge. In this way the volune and tinmng errors in the

si mul ati on woul d not be propagated downstream However, conplete
records of observed instantaneous di scharge are sel dom avail abl e.
Thus, the next best approach is to route sinulated di scharge that has
been adjusted by observed daily discharge and any availabl e

i nst ant aneous fl ow data.

In the Operational Forecast System programs, the Operation is used to
updat e the sinul ated hydrograph with observed data and bl end between
the | ast observed val ue and future sinul ated di scharges before naking
forecasts and before routing downstreamto forecast downstream

poi nts.

The two types of observed data used by the (peration are

i nst ant aneous di scharge and nean daily discharge. Cenerally, only

i nst ant aneous data are avail abl e operationally, whereas for
calibration, only nmean daily data are usually available. [If no

di scharge observations are avail able during the period of the run, no
adjustnments to sinmul ated di scharge are made.

The followi ng describe the adjustnent procedure when using each type
of data.

Adj ust ment Procedure Using Mean Daily Di scharge (MDQ

The objective of this procedure is to adjust sinulated instantaneous
flow so that the resulting MDQ value is within a certain percentage
of the observed MDQ val ue for each day that has an observed val ue.
The conputation of a simulated MDQ requires a full conpl enment of

i nst ant aneous values, i.e., a value for each data tinme interval
ordinate during the day. |If the run begins in the mddl e of a day,
carryover discharge values are used to conplete the discharge array
for the first day. |If the run ends in the mddle of a day, a

si nul ated MDQ cannot be conputed and consequently no adjustnents
based on MDQ ratios are made to the di scharge values of the |ast day.

Si mul at ed instantaneous di scharge values for each day are adjusted by
the ratio of observed to simulated MDQ as fol |l ows:
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Q =Q * QW SQFE (1)

where QVE is the observed MDQ
SQVE is the sinulated MDQ
Q is the instantaneous discharge

The error tol erance, expressed as a decimal fraction, for conparing
the observed and sinmulated MDQ values is a paranmeter for the
Operation. When the run begins in the mddle of a day, the tol erance
for the first day is increased as follows:

Ta = Ti + (NP-NS)/NP (2)

where Ta is the adjusted tolerance
Ti is the tol erance paraneter
NP is the total nunber of ordinates in the day
NS is the nunber of adjusted ordinates

This prevents the procedure fromadjusting only a portion of the
day's discharge for the volunme error of the total day. Hour 24

val ues are given special treatnent since each hour 24 discharge is
the I ast value to be adjusted on a given day as well as the first
value to be adjusted on the followi ng day. The final adjusted hour
24 val ues are obtained by averaging the two adjustnents. In this way
continuity is mintained between successi ve days.

The adj ustnent process continues until each sinmulated MDQ is wthin
the tolerance limts of its correspondi ng observed MDQ or a maxi mum
of 15 iterations is reached. |In the latter case, a warni ng nessage
is issued and the current adjusted values at the time of term nation
are returned as the final adjusted val ues.

Adj ust ment Procedure Usi ng Observed | nstantaneous Di scharge

As stated earlier, the ideal approach is to route the actual observed
i nst ant aneous di scharge, but conplete records are sel dom avail abl e.
One nethod of conpleting the record would be to interpol ate between
observed ordinates to obtain values at the required data tine
intervals. A better approach and the one used herein, is to use the
si mul at ed val ues, suitably adjusted by the observed data, as
estimates of discharge at ordinates for which there are no observed
values. The adjustnent factor for each intermedi ate sinul ated
ordinate is obtained by linearly interpolating between either the
¢atios' or the «differences' between observed and sinmul at ed di scharge
at the observed ordinates. When based on ratios, the adjustnent is
applied as foll ows:

Q =Q * AFl (3)
or when based on differences:
Q =Q + AFl (4)

where Q is the sinulated instantaneous di scharge
AFl is the adjustnment factor for the ordinate
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The use of either ratios or differences to make the adjustnents is a
user option with one exception when ratios are used. |If at anytine
the ratio at either of two tandem observed ordinates is greater than
5.0 or the ratios differ by nore than a factor of 2.0, the program
automatically switches to differences for interpolating the

adj ustment factors between the two observed ordi nates in question.
Thi s neasure prevents drastic adjustnents from bei ng made when a
ratio i s excessively large.

When i nstant aneous data are available infrequently or only for

sel ected events during the run period, there may be sizeabl e gaps

bet ween observed values. |In such cases it is not reasonable to

i nterpol ate between such wi dely spaced observed data val ues to nake
adjustnments to the simul ated values in between. Therefore, before

i nterpol ating, the distance between the two observations is checked.
If it is less than STEPS, interpolation as described earlier is used;
if it is greater, the difference between observed and si nmul at ed

di scharge at the first of the two observed ordinates is bl ended
forwards into the subsequent STEPS sinul ated val ues and the

di fference at the second observed ordinate is bl ended backwards into
the preceding STEPS sinul ated values. Wth this strategy, sinulated
di scharge at ordinates further than STEPS from an observed val ue are
not adjusted and the sinulated value is thus used as the best
estimate of discharge at that point. STEPS is defined in the section
descri bing the blend routine.

Adj ust ment Procedure Using Both Instantaneous and Mean Daily
Di scharge Data

When both types of observed data are avail able, the adjustnent
process conbi nes the two individual adjustment procedures. First,
the sinul ated di scharge is adjusted by the instantaneous fl ow data
Then nean daily di scharge vol unes are conputed from the adjusted

di scharge val ues and conpared with the observed MDQ volunmes. |If the
MDQ s are not within the specified tol erance, adjustnents as
described in the MDQ procedure are initiated

Bl end Routine

As nentioned earlier, a blend is used within the instantaneous

adj ust ment procedure when the observed values are too far apart for
interpolation. In order to effect a snooth transition between the
adj usted and unadj usted portions of the hydrograph, a blend is also
perfornmed followi ng the | ast observation of the run and, on occasion,
prior to the first observation of the run. The blend is perforned
prior to the first observation only when the di stance between the
final observation of the previous run and the first observation of
the current run is large enough to preclude the use of the

i nterpol ation procedure. The period of the blend is a user paraneter
cal l ed STEPS. STEPS represents the maxi num di stance that the user
feels is reasonable for extrapolating the information in an observed
data val ue and hence, at which point the best estimate of discharge
becones the sinul ated value. See Section | X 3.3B-BLEND for a
description of the blend procedure.
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Carryover

Carryover for the Operation consists of the sinmulated instantaneous
di scharge values for the entire day (2400 to 2400) of the carryover
date and the three following quantities: 1) the difference (NMDQ

bet ween the observed and simul ated di scharge at the | ast observed
ordinate prior to the carryover date, 2) the nunmber of ordinates (NB)
bet ween the | ast observed ordinate and the carryover date and 3) the
observed discharge value (QB) at the | ast observed ordinate prior to
the carryover date. |If the |last observed ordinate occurs nore than
STEPS prior to the carryover date, the last three carryover val ues
are set equal to zero.

Al l owabl e Data Tine |Intervals: 1, 2, 3, 4, 6, 8, 12 and 24 hours

Time Series Used: Tinme series used in this Operation are as foll ows:

Form of Data M ssi ng
Qut put Ti me Val ues
General Type Dm Units Use Required T.S. Interval All owed
Si mul at ed
I nst ant aneous
Di schar ge L3/ T CMs I yes n/ a any no
Adj ust ed
I nst ant aneous
Di schar ge L3/ T CMs @) yes replace any 1/ no
Mean Daily
Di schar ge L3 CwVsD I no n/ a 24 yes
Observed
I nst ant aneous
Di schar ge L3/ T CMs I no n/ a any 2/ yes

1/ Must be the sanme as the data tine interval for sinulated
i nst ant aneous di schar ge.

2/ Must be an integer nultiple of the data tine interval for
si mul at ed instantaneous di scharge

I nput Summary: The card input for this Operation is as foll ows:

Card For mat Col ums Contents

1 5A4 1-20 Name of fl ow point

15 21-25 Use observed instantaneous di scharge
time series:
0 = no
1 = yes
15 26- 30 Use observed nean daily discharge tine
series:
0 = no
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Card For mat Col ums Contents

1 = yes

15 31-35 Read in carryover val ues:
0O = no - use default carryover val ues
1 = yes

Card 2 is needed only if an observed instantaneous di scharge tine
series is used.

2 2A4 1-8 Internal identifier for observed
i nst ant aneous di scharge tinme series

3X, A4 12-15 Data type code for above tine series
15 16- 20 Data time interval for above tinme series
(must be an even nultiple of the
si nul at ed instantaneous di scharge tine
series)

Card 3 is needed only if an observed nean daily discharge tine
series is used.

3 2A4 1-8 Internal identifier for observed nean
daily discharge time series

3X, A4 12-15 Data type code for above tine series

4 2A4 1-8 Internal identifier for simulated
i nst ant aneous di scharge tinme series

3X, A4 12-15 Data type code for above tine series
I'5 16- 20 Data time interval for above tinme series
(conputational time interval for the
Oper ati on)
5 2A4 1-8 Internal identifier for adjusted

i nst ant aneous di scharge tinme series

3X, A4 12-15 Data type code for above tine series
(the tinme interval for this tinme series
is the same as the simlated
i nst ant aneous di scharge tinme series)

6 15 1-5 Nunmber of steps for blending; nust be
greater than zero

Next entry needed only if observed nean daily discharge is used.
F10. 3 6- 15 Error tol erance (expressed as a deci mal)
for conparing simulated and observed

mean daily di scharge vol unes; default is
0. 025
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Card For mat Col ums Contents

Card 7 is needed only if observed instantaneous discharge is
used.

7 15 1-5

o
I

Adj ust mrents based on rati os of
observed to sinul ated di scharge
1 = Adjustnments based on differences
bet ween observed and si nul at ed
di schar ge

Next 2 cards not needed if default carryover val ues used.

8 7F10. 1 1-70 Si mul at ed instantaneous di scharge val ues
from |l ast day of previous run; mnust
begin and end with hour 24 val ues;
repeat card as needed to read in al
val ues

9 F10. 2 1-10 Di fference between observed and
si nul ated di scharge at | ast observed
ordi nate of previous run

I'5 11-15 Nunmber of ordinates between | ast
observed and | ast conputed ordi nate of
previ ous run

F10. 2 16-25 (Observed instantaneous di scharge val ue
at | ast observed ordinate of previous
run

If entry 2 on Card 9 is greater than or equal to entry 1 on Card
6 all three values on Card 9 should be read in as zero.

Sanple Input and Qutput: Sanple input is shown in Figure 1. Sanple
output fromthe paranmeter print routine is shown in Figure 2. There
is no execution routine output.

Error and Warni ng Messages: The error and warning nessages generated
by this Operation and the corrective action to take when they occur
are as follows:

A. Messages that can occur during setup:

1. **ERROR** NO OBSERVED DI SCHARGE, | NSTANTANEQUS OR MEAN
DAILY, IS AVAI LABLE. THEREFORE, NO ADJUSTMENTS CAN BE MADE.

Action: Check to see that at |east one type of observed
di scharge tinme series has been defi ned.

2. **ERROR** THE Tl ME | NTERVAL OF THE OBSERVED | NSTANTANEQUS

TI ME SERI ES MUST BE AN EVEN MULTIPLE OF THE TI ME | NTERVAL OF
THE SI MULATED Tl ME SER ES.
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Action: Redefine the time interval of the observed
i nst ant aneous di scharge tinme series if necessary.

3. **ERROR** THE NUMBER OF BLENDI NG STEPS ( STEPS) CANNOT BE
EQUAL TO ZERO

Action: Changes STEPS to a positive non-zero integer val ue.

4. **WARNI NG** ONE OR MORE CARRYOVER VALUES WERE NEGATI VE. THE
VALUES WERE CHANGED TO ZERO.

Action: If zero values not acceptable, read in positive
carryover discharge val ues.

B. Messages that can occur during execution:

1. **WARNI NG** ADJUSTMENTS WERE STOPPED AFTER 15 | TERATI ONS -
ERROR WAS NOT REDUCED TO THE TOLERANCE LEVEL.

Action: The user may want to make nanual adjustments to the
adj usted hydrograph before routing downstream

C. Messages that can occur during carryover transfer:

1. **WARNI NG** NElI THER THE OLD ( XXHOURS) NOR THE NEW ( XXHOURS)
SI MULATED DI SCHARGE TIME SERIES TI ME | NTERVAL | S AN EVEN
MULTI PLE OF THE OTHER. NO CARRYOVER VALUES CAN BE
TRANSFERRED.

Action: If default values are not acceptable, change the new
time interval so that the old and new intervals are
mul tiples of each other.

Carryover Transfer Rules: The following rules apply to this
Operation during the carryover transfer process.

If the new simul ated discharge time series time interval (aTnew) is
not equal to the old sinulated discharge tine series tinme interva
(aTol d) and

1. if ATnewis a nmultiple of aTold, the instantaneous discharge
carryover values are adjusted by selecting values fromthe old
carryover discharge at aTnew i ntervals

2. if aATold is multiple of aATnew, the instantaneous discharge
carryover values at aATnew intervals are obtained by linearly
i nterpol ating between the old carryover val ues.

3. if neither aATnew nor aATold is a nultiple of the other, no
i nst ant aneous di scharge carryover is transferred

The three carryover values associated with the | ast observed ordinate

prior to the carryover date, i.e., MDQ NB and B, are transferred as
foll ows:
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1. if either the old or the new paraneter set does not specify
i nst ant aneous di scharge data, all three values are set equal to
zero

2. if the length of the new blend period in hours is |less than or
equal to the portion of the old blend conpleted (NB) in hours,
all three values are set equal to zero

3. otherwise, MDQ and B are transferred directly and NB is
adjusted by the ratio of aTold to aTnew

Punched Card Linitations: The punched card formats for this
Operation are as foll ows:

Par aneters or Punched Maxi num M ninum Precision After
Vari abl es For mat Val ue Val ue Deci nal Poi nt
NSTEPS 15 10000 1 n/ a
Error tol erance F10. 3 999999. 999 . 001 t housandt hs
| nst ant aneous
di schar ge
carryover F10.1 99999999.9 .1 t ent hs
VDQ F10. 2 9999999. 99 .01 hundr edt hs
NB 15 10000 0 n/ a
B F10. 2 9999999. 99 .01 hundr edt hs

No checks are made for values greater or |less than the maxi mum and
m ni mum val ues.

08/ 26/ 2002 V. 3. 3- ADJUST- Q- 8 rfs:533adj ustqg. wpd



Figure 1. Sanple Card I nput For Operation ADJUST-Q

- Colum -
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
e

ADJUST- Q ANMAE

SI LVERTON R- ANI MAS 1 0 0
ANMAE QN 6
ANMAE SQ N 6
ANMAE Q NE
1000
1

Figure 2. Sanple OQutput From Cperation ADJUST-Q Print Paraneter
Rout i ne

khkk Kk khkkkhkkhkhkkhkhk kk* k%

ADJUST- Q OPERATI ON NAME=ANMW\E PREVI OUS NAME=

khkkKkkhkkkhkkhkhkkhkhk kk* k%

ADJUST OPERATI ON FOR SI LVERTON R- ANI MAS . SI MULATED | NSTANTANEOUS DI SCHARGE
I'S ADJUSTED BY AVAI LABLE OBSERVED DI SCHARGE DATA.

TI ME SERI ES USED: I D TYPE TI ME( HR)
ANMWE SQI' N 6
ANMWE QI NE 6
ANMWE QN 6

ONLY OBSERVED | NSTANTANEOUS DI SCHARGE DATA ARE AVAI LABLE.
COMPUTATI ONAL TI ME | NTERVAL FOR THE OPERATION = 6 HOURS.
NUMBER OF PERI ODS USED TO BLEND = 1000.

ADJUSTMENTS USI NG | NSTANTANEOUS OBS. DATA BASED ON DI FFERENCES BETWEEN OBS. AND SI M
DI SCHARGE.

DEFAULT CARRYOVER VALUES ARE USED. ALL VALUES ARE I NI TIALLY EQUAL TO 0.0
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